The main objective of this research is automatic generation of more accurate DEM/ortho-image and, by extension, to update existing DEMs and ortho-images database automatically by using high resolution satellite images. In the first part, we tested the possibility of automatic GCP and tie-point generation for DEMs and ortho-images generation. We extract Ground Control Points (GCPs) automatically from high resolution satellite image by using existing ortho-images and existing DEMs. In second part, we tested whether high resolution images can be used to update existing DEMs and ortho-images. For this, we performed automatic generation of DEMs/ortho-images by using true GCPs obtained by GPS surveying. For testing the method proposed, we used IKONOS, SPOT 5, QuickBird, Kompsat-2 high resolution satellite images. Assessment for results supports that automatic generation of DEMs/ortho-images was performed successfully. We generated a DEM from IKONOS images fully automatically by using GCPs generated from existing DEMs and ortho-images. Newly updated DEM was compared with existing data. Updated DEM shows more detailed surface, and the result of validation shows that the accuracy is similar with that of existing DEMs/ortho-images.
Introduction
Recently, research for Digital Elevation Model (DEM) and Ortho-image generation using high resolution satellite image is becoming important according to increase in supply of high resolution satellite image and rapid change in the urban area. To generate DEM and ortho-image, we need accurate Ground Control Points (GCPs) so that we establish geometric relation between image coordinates and ground coordinates. However, there are many difficulties like expense and time to accurate get GCPs, so the timely update and generation of DEMs and ortho-images using high resolution satellite images is not easy. In particular, research for DEM generation from diverse satellite images has been investigated by many researcher. [1] [2] [3] [4] [5] However, automatic DEM generation by stereo matching still has some problems.
In this research, firstly we extracted GCPs automatically from existing DEMs and ortho-image database. We used DEMs whose spatial resolution is 30m and ortho-images whose spatial resolution is 1m. We automatically extracted x and y coordinates from existing ortho-image and height (z coordinates) from existing DEM by matching satellite images against ortho-images, and then by the robust estimation, RANdom Sample Consensus (RANSAC).
Secondly we performed automatic generation of accurate DEMs and ortho-images generated by precise sensor modeling using GCPs obtained by surveying. We tried to generate accurate DEMs and ortho-images to update existing database. When we set up sensor modeling for stereo matching, we applied DLT model for IKONOS and orbit-attitude model for SPOT-5 and Quickbird. Matching based on pyramid images was applied to improve matching speed and accuracy, and we also applied stereo matching algorithm based on epipolarity and scene geometry developed in-house. Through this procedure, we automatically generated DEMs and ortho-image from IKONOS, SPOT-5 and Quickbird by using true GCPs which was obtained by surveying.
And then we tried to automatically generate a DEM and an ortho-image by using automatically extracted GCPs. Assessments was carried out using existing data for the results.
Automatic GCPs Extraction
At first, we extracted GCPs automatically from existing data so that we generate a DEM and an ortho-image without GCPs obtained by surveying. Figure 1 shows procedure which was done to extract GCPs in this research.
The existing DEM data for experiments has 30 m spatial resolution, the existing ortho-image 1 m spatial resolution. We used IKONOS images to extract GCPs. We tried to match between the existing ortho-image and high resolution satellite image so that we extract x and y coordinates. We determined candidate points of matching on satellite image. We set up initial sensor model using high resolution satellite image and metadata, and we decided the matching area between ortho-image and satellite image. We extracted a patch centered at candidate points on satellite image, and performed match between the patch and existing ortho-images. Zero mean normalized cross-correlation method was used as a matching method. We determined x and y coordinates from matching. Existing DEM data was used to get z coordinates for the corresponding x and y. Through this procedure, we could automatically extract GCPs.
Coo rd The robust estimation technique, RANSAC, was used to remove GCPs whose error is big after automatic GCPs extraction. RANSAC 6, 7) is iterative method to estimate parameters of a mathematical model from a set of observed data which contains outliers. Automatically extracted GCPs from matching results may include outliers. RANSAC was used so that we extract GCPs whose error is small, and we finally decided GCPs to use for sensor modeling .
We automatically extracted GCPs from IKONOS stereo pairs. After applying RANSAC, we extracted 11 GCPs from left image and 23 GCPs from right image. And we set up sensor modeling using these GCPs. Table 3 shows sensor model errors. The number of extracted GCPs was enough to set up sensor model and errors for model point looked good. However, when these extracted GCPs were applied to true sensor model established using true GCPs, we could observe some errors. Table 4 shows check error of extracted GCPs when applied to model established using true GCPs. In case of calculating check error, left GCPs have about 6 pixel RMS error and right GCPs have about 4 pixel RMS error. These errors were due to inaccuracy associated with the existing DEM and ortho-images. Application of this automatic generation of GCPs is discussed in section 4.
Automatic Generation of DEM and Ortho-image
The second objective of this research is automatic generation of more accurate DEMs and ortho-images from high resolution satellite images using true GCPs obtained by surveying. IKONOS, SPOT-5, Quickbird stereo pairs were used for experiments. Table 6 shows characteristics of stereo pairs used for experiments.
GCPs and metadata were used as input data for precise sensor modeling. To set up sensor modeling, we applied DLT model 8, 9) for IKONOS and orbit-attitude model 10, 11) for SPOT-5 and Quickbird. We applied stereo matching algorithm based on epipolarity and scene geometry 12, 13) and a matching method based on image pyramid. 14, 15) All of the procedure was performed automatically, and through this procedure we could generate DEM successfully from high resolution satellite images. Figure 4~6 show IKONOS DEM, SPOT-5 DEM, and Quickbird DEM generated from stereo pairs.
All DEMs were generated based on specification of DTED level 3 whose spatial resolution is 10 m. Assessment was carried out using existing DEM data for all three DEM. We compared the heights of the existing DEM and the DEMs generated. Since grids for the two DEMs didn't correspond exactly, so bilinear interpolation was used for comparison. Table 7 shows RMS height error calculated by using this method. We compared all of the matching points when we carried out assessment, so blunder points whose errors are larger than the other points were included for comparison, which is the cause of high errors value in assessments results.
Next, assessment was carried out for ortho-image generated from IKONOS, Quickbird and Kompsat-2. When we generate ortho-image, we performed relief correction using existing DEMs and map projection based on latitude longitude coordinates system was used. The procedure of ortho-image generation also was performed automatically, and assessment was carried out using existing ortho-image database. We compared between existing ortho-image database and ortho-image generated from IKONOS, Quickbird and Kompsat-2. We compared x and y coordinates of same place. Table 8 shows RMS distance error. We also calculated sensor model errors as standard of accuracy. Table  9 shows sensor model errors. Table 8 . Ortho-image accuracy from each image Table 9 . Sensor model error from each image
All three DEMs had about 13~15m RMS errors, all three ortho-images 3m RMS distance errors, and the sensor model within 1~2 pixel errors. These results support that automatic generation of DEMs and ortho-images is performed successfully.
Generation of Updated DEM
In this section, we tested the possibility of updating existing DEMs and ortho-images database automatically by using automatically extracted GCPs and by using extracted tie-point automatically from stereo pairs using existing DEMs. Figure 7 shows the DEM generated from this method. We could confirm as the naked eye that updated DEM has good quality which is similar with DEM generated using true GCPs. The result was compared with existing elevation model. Figure 8 shows existing DEM and the DEM generated automatically of same area. The spatial resolution of existing DEM is 30m, but DEM generated from IKONOS has about 10m resolution. Much more detailed surface was described in the updated DEM. This is clearly highlighted when the cross-sectional plots of DEM are compared each other. We added the cross-sectional plot of DEMs in Fig 9, which is useful to show how detail is expressed. We also compared height of these two data using interpolation. About 26 m RMS height error was calculated as the result of assessment. This error is bigger than DEM generated using true GCPs, but if it was considered that resolution of existing DEM is 30m and GCPs used extracted automatically, we could conclude that generation of updated DEM using IKONOS images was relatively successful.
Conclusion
In this paper, we outlined investigation of automatic generation and update of DEM and ortho-image. We extracted GCPs automatically from existing elevation model and ortho-image database. We also automatically generated DEMs and ortho-images from high resolution satellite images after precise sensor modeling. We tried to improve the accuracy of DEMs and ortho-images. Newly generated DEMs and ortho-images were compared with existing data. All DEMs generated had about 13~15 m RMS error and all ortho-images 3 m RMS distance error. Therefore we could conclude that we performed automatic generation of DEMs and ortho-image successfully.
We automatically generated DEMs by using automatically extracted GCPs. The result of validation shows that the accuracy of DEMs generated was similar to the accuracy of existing DEMs but had finer grids. We could conclude that generation of a DEM from automatic GCPs was successful. This conclusion supports that we can update DEM and ortho-image even if we cannot obtain GCPs by surveying. 
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